Introduction {#sec1-0300060518795582}
============

Borderline ovarian tumors (BOTs), a kind of indolent neoplasm characterized by the presence of cellular proliferation and nuclear atypia in the absence of destructive stromal invasion, account for 10% to 20% of all epithelial ovarian tumors.^[@bibr1-0300060518795582]^ Compared with their invasive counterparts, BOTs are characterized by an early stage at diagnosis and an excellent prognosis.^[@bibr2-0300060518795582]^ Moreover, up to 45% of women with BOTs are younger than 40 years.^[@bibr1-0300060518795582],[@bibr3-0300060518795582]^ However, only 29% to 69% of patients with BOTs can be correctly diagnosed preoperatively,^[@bibr4-0300060518795582]^ and the discriminative capacity is limited even for prediction models of BOTs.^[@bibr5-0300060518795582][@bibr6-0300060518795582]--[@bibr7-0300060518795582]^ Thus, an accurate intraoperative frozen section (FS) diagnosis plays a crucial role in determining the appropriate surgical procedure for BOTs.

During the past two decades, considerable efforts have been made to increase the diagnostic accuracy of FS of BOTs. However, only 62.8% to 87.0% of FS-diagnosed BOTs can be confirmed by the final pathology,^[@bibr8-0300060518795582][@bibr9-0300060518795582]--[@bibr10-0300060518795582]^ and this rate is even poorer for mucinous BOTs (mBOTs) because of their large diameter and high heterogeneity.^[@bibr11-0300060518795582]^ A misdiagnosis of BOTs may result in unnecessary surgical staging in benign cases and restaging procedures in early-stage malignant tumors; this is particularly important for young women wishing to preserve their childbearing capacity.^[@bibr12-0300060518795582]^ Unfortunately, the diagnostic accuracy of FS of mBOTs has been poorly studied. Most studies that have explored this parameter mainly included mucinous tumors as part of an analysis of the entire group of ovarian masses or BOTs, and any diagnostic disagreement was attributed to the mBOTs.^[@bibr13-0300060518795582]^

Thus, the primary endpoint of our retrospective study was to investigate the diagnostic accuracy of FS of mBOT. The secondary endpoint was to analyze the factors associated with misdiagnosis of FS of mBOT.

Materials and methods {#sec2-0300060518795582}
=====================

After obtaining Institutional Review Board approval for the present medical record review (approval No. S-K351), patients with either an FS or permanent pathologic diagnosis of mBOT at the Peking Union Medical College Hospital from 2005 to 2015 were identified and included in this retrospective study. Verbal informed consent was obtained from all patients at their follow-up interviews, and the study was conducted in accordance with the Declaration of Helsinki Principles and regulations of our institute. Consultative specimens and patients lacking an FS analysis were excluded. We also excluded patients with recurrent mBOTs or with other coexisting carcinomas.

At the time of the intraoperative consultation, FS was performed on the most suspicious areas on gross examination, and the number of FSs depended on the tumor size and degree of suspicion. All FS specimens were examined by an expert pathologist, and an expert in gynecologic pathology was always available for consultation. With respect to the final pathology, at least one section per centimeter of maximal tumor diameter was sampled, and additional sampling was performed for any suspicious areas. At our hospital, the permanent histology reports were issued by two pathologists (one was the pathologist who performed the FS), including a senior pathologist. Cases of discrepant FS and permanent pathologic diagnoses were revaluated to identify the source of misdiagnosis (errors in gross sampling or interpretation). mBOTs were diagnosed according to Ronnett et al.,^[@bibr14-0300060518795582]^ and specific features such as microinvasion and intraepithelial carcinoma were noted.

The patients' medical records were comprehensively reviewed, and the following 12 variables were assessed: the patient's age, menopausal status, fertility status, preoperative serum cancer antigen 125 (CA125) level, carbohydrate antigen 19-9 (CA19-9) level, carcinoembryonic antigen (CEA) level, type of surgery (conservative or radical), presence of bilateral tumors, maximal tumor diameter, presence of ovary endometriosis, number of FSs, and specific pathological features. The FIGO 2013 staging system for epithelial ovarian tumors was used to determine the disease stage based on the operative descriptions and pathology records.^[@bibr15-0300060518795582]^ Conservative surgery was defined as fertility-sparing wherein the uterus and at least part of one ovary were salvaged, whereas radical surgery was defined as bilateral salpingo-oophorectomy with or without hysterectomy.

We did not use the common cut-off values for serum tumor markers to reflect whether the markers were abnormal. Instead, we created new optimum cut-off values for CA125, CA19-9, and CEA by performing receiver operator characteristic (ROC) curves to distinguish relatively abnormal marker levels and relatively normal marker levels and thus classified the tumor markers. This new classification was then used in the univariate analysis and multivariate analysis. We also determined the optimum cut-off value for the quantitative maximal tumor diameter. We classified values as relatively abnormally high if they were above the optimum cut-off values. The optimum cut-off values for CA125, CA19-9, and CEA and the maximal tumor diameter were 65 U/mL, 2000 U/mL, 4.6 U/mL, and 10 cm, respectively.

To identify factors influencing the underdiagnosis of mucinous malignant ovarian tumors (mMOTs), univariate logistic regression analysis of the 12 above-mentioned variables was performed. Multivariate logistic regression analysis was then performed retaining only those variables that were significant at a level of 0.05 in the univariate analysis. For clinical parameters that were found to be significant in the univariate analysis, the sensitivity, specificity, Youden's index, and diagnostic odds ratio (DOR) were evaluated. The DOR is a special summarizing function of specificity and sensitivity for a given diagnostic test and has been suggested as a measure of diagnostic discriminatory power. Youden's index serves as a global measure of overall diagnostic accuracy. All data were analyzed with IBM SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk, NY, USA), and p \< 0.05 was considered statistically significant.

Results {#sec3-0300060518795582}
=======

We included 121 patients. Of these patients, 109 were diagnosed with mBOTs by permanent pathology. Of the 109 patients, 86 were diagnosed with BOTs by FS, yielding a concordance rate of 78.9%; however, 1 of the 86 patients was diagnosed with a serous BOT by FS. Additionally, 22 of the mBOTs were diagnosed as benign tumors by FS, with an underdiagnosis rate of 20.2%. Only one mBOT was diagnosed as a malignant tumor by FS, with an overdiagnosis rate of 0.9%. Furthermore, of all 121 patients, 97 were diagnosed with mBOTs by FS. Of these 97 patients, 87 were diagnosed with BOTs by permanent pathology, yielding a concordance rate of 89.7%; however, 2 of the 87 patients were diagnosed with endometrioid BOT and mixed BOT by permanent pathology, respectively. One mBOT was diagnosed as a benign tumor by permanent pathology, with an overdiagnosis rate of 1.0% of FS. Nine mBOTs (see [Figure 1](#fig1-0300060518795582){ref-type="fig"}) were diagnosed as malignant tumors by permanent pathology, with an underdiagnosis rate of 9.3% ([Table 1](#table1-0300060518795582){ref-type="table"}). [Figure 1](#fig1-0300060518795582){ref-type="fig"} shows a photomicrograph of a malignant tumor that was interpreted as borderline by FS. Overall, 88 BOTs were accurately diagnosed as BOTs by FS, yielding a positive predictive value of 89.8% and an overall sensitivity of 79.3%.

![Frozen section photomicrograph of a malignant tumor interpreted as borderline by frozen section.](10.1177_0300060518795582-fig1){#fig1-0300060518795582}

###### 

Frozen section diagnosis compared with permanent pathologic diagnosis.

![](10.1177_0300060518795582-table1)

               Permanent         Total        
  ------------ ----------- ----- ------- ---- -----
  Benign       --          22    --      --   22
  mBOT         1           85    2       9    97
  Serous BOT   --          1     --      --   1
  Malignant    --          1     --      --   1
  Total        1           109   2       9    121

BOT, borderline ovarian tumor; mBOT: mucinous borderline ovarian tumor.

Because nine malignant tumors were interpreted as borderline by FS, we analyzed the risk factors for underdiagnosis of mMOTs. The outcomes of the univariate and multivariate analyses are shown in [Table 2](#table2-0300060518795582){ref-type="table"}. In [Table 2](#table2-0300060518795582){ref-type="table"}, we included 96 cases; i.e., 9 underdiagnosed cases and 87 concordant cases (cases diagnosed as BOTs by both FS and permanent pathology). The patient's age, menopausal status, fertility status, type of surgery (conservative or radical), maximal tumor diameter, presence of ovarian endometriosis, and number of FSs showed no significant associations with underdiagnosis of mMOT. Tumors with CA125, CA19-9, and CEA levels above the cut-off values were more likely to be underdiagnosed by FS than tumors with serum tumor marker levels below the cut-off values (p = 0.006, 0.020, and 0.005, respectively), as were bilateral tumors than unilateral tumor (p = 0.026) and tumors with specific pathological features than those without (p = 0.003) in the univariate analysis. In the multivariate analysis, the presence of specific pathological features was the only significant predictor of underdiagnosis of mMOT by FS (p = 0.043).

###### 

Univariate and multivariate analysis results for risk factors of underdiagnosis by frozen section.

![](10.1177_0300060518795582-table2)

  Characteristic                   n (%)       Univariate   Multivariate
  -------------------------------- ----------- ------------ --------------
  Age                                          1.000        
   ≤40 years                       5 (53.1)                 
   \>40 years                      45 (46.9)                
  Menopausal status                            1.000        
   Premenopausal                   65 (67.7)                
   Menopausal                      31 (32.3)                
  Nulliparous                                  1.000        
   Yes                             45 (46.9)                
   No                              49 (51.0)                
   NA                              2 (2.1)                  
  CA125                                        0.006        0.085
   ≤65.0 U/mL                      67 (69.8)                
   \>65.0 U/mL                     20 (20.8)                
   NA                              9 (9.4)                  
  CA19-9                                       0.020        0.192
   ≤2000.0 U/mL                    63 (65.6)                
   \>2000.0 U/mL                   3 (3.1)                  
   NA                              30 (31.3)                
  CEA                                          0.005        0.300
   ≤4.6 U/mL                       41 (42.7)                
   \>4.6 U/mL                      4 (4.2)                  
   NA                              51 (53.1)                
  Type of surgery                              0.490        
   Conservative                    55 (57.3)                
   Radical                         41 (42.7)                
  Bilateral tumors                             0.026        0.647
   Present                         8 (8.3)                  
   Absent                          88 (91.7)                
  Maximal tumor diameter                       0.269        
   ≤10 cm                          28 (29.2)                
   \>10 cm                         65 (67.7)                
   NA                              3 (3.1)                  
  Ovarian endometriosis                        --           
   Absent                          90 (93.8)                
   Present                         6 (6.3)                  
  Number of frozen sections                    0.486        
   ≤2                              61 (63.5)                
   \>2                             33 (34.4)                
   NA                              2 (2.1)                  
  Specific pathological features               0.003        0.043
   Absent                          82 (85.4)                
   Present                         14 (14.6)                
   NA                              0 (53.1)                 

CA125, cancer antigen 125; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; NA, not available.

The sensitivity, specificity, Youden's index, and DOR for each parameter with significant differences in the univariate analysis are shown in [Table 3](#table3-0300060518795582){ref-type="table"}. We also added the results of tumor markers with commonly used cut-off values (35.0 U/mL for CA125, 37.0 U/mL for CA19-9, and 5.0 U/mL for CEA). All Youden's indices and DORs of tumor markers with commonly used cut-off values were lower than those with the optimum cut-off values. Youden's index of CA125 (cut-off = 65.0 U/mL) was the highest, followed by CEA (cut-off = 4.6 U/mL) and specific pathological features. The DOR of CEA (cut-off = 4.6 U/mL) was highest, followed by CA19-9 (cut-off = 2000.0 U/mL).

###### 

Diagnostic values of parameters to increase the accuracy of frozen section of mucinous malignant ovarian tumors.

![](10.1177_0300060518795582-table3)

  Parameter                        Sensitivity   Specificity   Youden's index   Diagnostic odds ratio
  -------------------------------- ------------- ------------- ---------------- -----------------------
  CA125 (cut-off = 65.0 U/mL)      71.4%         81.2%         52.6%            10.78
   (cut-off = 35.0 U/mL)           71.4%         65.0%         36.4%            4.64
  CA19-9 (cut-off = 2000.0 U/mL)   33.3%         98.3%         31.6%            28.87
   (cut-off = 37.0 U/mL)           33.3%         61.7%         −5.0%            0.80
  CEA (cut-off = 4.6 U/mL)         50.0%         97.4%         47.4%            37.46
   (cut-off = 5.0 U/mL)            33.3%         97.4%         30.7%            18.70
  Presence of bilateral tumors     33.3%         94.3%         27.6%            8.26
  Specific pathological features   55.6%         89.7%         45.3%            10.91

CA125, cancer antigen 125; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen.

Discussion {#sec4-0300060518795582}
==========

It is important to identify the accuracy of FS in diagnosing borderline tumors. Ureyen et al.^[@bibr16-0300060518795582]^ reported that among patients with final diagnoses of BOTs, the concordance rates of FS for BOTs, serous BOTs, and mucinous BOTs were 79%, 92%, and 62%, respectively. Our study showed a concordance rate of 78.9% of FS for mBOTs, which is slightly higher than that in the above-mentioned study. One potential concern of using FS diagnosis to guide surgical decisions is the risk of inadequate staging surgery for what is believed to be a borderline lesion but which is diagnosed as invasive cancer by permanent pathology.

We identified the risk factors associated with the underdiagnosis of mMOTs by FS. The CA125, CA19-9, and CEA levels; laterality of the tumor; and specific pathological features were found to be associated with underdiagnosis of malignant tumors, especially the specific pathological features that showed significant differences in both the univariate and multivariate analyses. CA125 is especially useful to detect serous malignant tumors; however, it may also increase preoperatively in mucinous invasive carcinomas.^[@bibr17-0300060518795582][@bibr18-0300060518795582][@bibr19-0300060518795582]--[@bibr20-0300060518795582]^ Seckin et al.^[@bibr21-0300060518795582]^ evaluated patients with intraoperative FS diagnoses of mBOTs and found that CA19-9 and CA125 were significant predictors of malignancy. These findings are consistent with those of our study, in which mBOTs diagnosed by FS in patients with relatively abnormal CA125 and CA19-9 levels were more likely to be malignant by permanent pathology. CA19-9 is commonly expressed in mucinous tumors and may be a useful diagnostic marker in patients with ovarian mucinous tumors.^[@bibr22-0300060518795582]^ Our study showed that mBOTs diagnosed by FS with an extremely high CA19-9 level were more likely to prove to be malignant by permanent pathology. Studies by Seckin et al.^[@bibr21-0300060518795582]^ and Poncelet et al.^[@bibr23-0300060518795582]^ also support our findings that the CA19-9 level significantly increased especially in mMOTs. Our univariate analysis showed that mBOT diagnosed by FS in patients with a CEA level above the cut-off value may be associated with an increased risk of underdiagnosis. However, the study by Seckin et al.^[@bibr21-0300060518795582]^ showed no significant association between abnormal preoperative CEA values and underdiagnosis of mMOT by FS. Our study demonstrated that the presence of bilateral mBOTs diagnosed by FS had a high probability of being malignant by permanent pathology. This finding is supported by another similar study by Basaran et al.,^[@bibr24-0300060518795582]^ who evaluated patients with a diagnosis of BOT either by FS or permanent pathology and reported that the presence of bilateral tumors was associated with underdiagnosis. Notably, the patients included in the latter study were different from those in our study. Additionally, very few studies have focused on mBOTs; thus, further studies are needed to prove this phenomenon. The presence of specific pathological features (i.e., microinvasion or intraepithelial carcinoma) was the only factor found to be significantly associated with underdiagnosis in both the univariate and multivariate analyses. No similar studies with which to prove or oppose our findings have been performed. However, Khunamornpong et al.^[@bibr25-0300060518795582]^ conducted a study of 171 mBOTs and found that microinvasion and intraepithelial carcinomas were risk factors for relapse. This probably reflects the utility of special pathological features for predicting the underdiagnosis of mMOTs by FS or relapse of mBOTs. As reported in one study, adequate sampling of mucinous tumors for FS cannot always be performed because of the relatively larger dimensions of such tumors, and malignant areas can be overlooked.^[@bibr11-0300060518795582]^ However, we did not find an increased risk of underdiagnosis of mMOTs with diameters of \>10 cm; this finding is probably correlated with the skill of the pathologists. Additionally, we found no significant association between the number of FSs and underdiagnosis.

Our findings indicate that in cases diagnosed as mBOTs by FS, the CA125, CA19-9, and CEA levels and the presence of specific pathological features may be useful parameters with certain diagnostic value for the diagnosis of mMOTs. However, the presence of bilateral tumors was not a suitable parameter in patients with a low Youden's index and DOR. Thus, these characteristics should be considered during intraoperative assessment to avoid underdiagnosis of mMOTs. In this context, sufficient doctor--patient communication is necessary to inform the patient's relatives of the possible poor results of the final pathology. Moreover, communication between the doctor and the pathologist is also important, and more FSs are needed to improve the accuracy of FS-based diagnosis.

The strengths of our study are as follows. First, our study targeted mBOTs, which have been seldom evaluated. Additionally, we analyzed the risk factors influencing the underdiagnosis of mMOTs, which have also rarely been studied, and we provided abundant information about the concordance rate, underdiagnosis rate, and overdiagnosis rate of FS in patients with an FS-based diagnosis of mBOTs and patients with a permanent pathologic diagnosis of mBOTs. Second, we selected the optimum cut-off points as the thresholds by which to distinguish relatively abnormal and relatively normal levels of the variables by performing ROC curves for CA125, CA19-9, CEA, and the maximal tumor diameter with the aim of improving the diagnostic values of these parameters. We established new optimum cut-off values for the above-mentioned serum tumor markers and proved the diagnostic values of these cut-off values; this is never been performed in previous studies. Third, we analyzed 12 possible factors and finally identified 5 risk factors for underdiagnosis of mMOTs. Two of these risk factors (i.e., laterality of the tumor and specific pathological features) have never been investigated in mBOTs. Fourth, we evaluated the diagnostic value of the above five risk factors using multiple indicators (sensitivity, specificity, Youden's index, and DOR) and found four valuable parameters than can contribute to the detection of mMOTs. However, the present study also has several limitations. First, the sample size of our study was small, which may have caused false-negative results. Second, values were missing for several clinical parameters, such as the CA19-9 and CEA levels, which probably influenced the actual associations between the serum tumor marker levels and underdiagnosis of mMOTs. Third, the presence of specific pathological features was the only parameter showing a significant association with underdiagnosis in both the univariate analysis and multivariate analysis. The actual associations between the other parameters and underdiagnosis still need to be proven through future studies.

We look forward to future studies with larger sample sizes in which more additional clinical parameters with higher diagnostic values can be discovered and integrated into clinical practice. At this time, we can conclude that CA125, CA19-9, and CEA levels above the optimal cut-off values, the presence of bilateral tumors, and tumors with specific pathological features are probably risk factors for underdiagnosis of mMOTs. In particular, the presence of specific pathological features was significantly associated with underdiagnosis of mMOTs in both the univariate and multivariate analyses. Given the diagnostic values of these parameters, the CA125, CA19-9, and CEA levels and the presence of specific pathological features should be used to guide intraoperative treatment planning and communication between doctors and patients/pathologists.
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